Abstract. Within the field of Rehabilitation Engineering, this work is aimed at identifying the optimal parameters of electric current stimulus which activate the nervous axons of mecanoreceptors found in the fingertip, allowing, this way, to resemble tactile senses. These sensorial feelings can be used by aiding technological means, namely, the sensorial substitution technology, in an attempt to render information to blind people through the tactile sense. The physical pressure on sensorial areas (fingertips) used for reading activities through the Braille System is the main effect that is imitated and studied in this research work. An experimental aiding prototype for Braille reading research has been developed and tested with blinds and reduced vision people, with highly satisfactory results.
Main problems that visually impaired persons have to face are: to have access to reading material, to be restricted as regards mobility and orientation, and to manipulate and recognize objects.
As regards reading, the Braille reading/writing system is widely used by blinds and deaf/blind persons, for its universality and relatively easy usage. On this direction, this work presents a contribution to the selection of current stimulation parameters, in order to obtain a reliable tactile sensitivity in blinds so as to let them read in Braille via an adequately designed interface.
Human skin structure
Various mechanoreceptors of the fleshy fingertip were studied, mainly: (1) the Meissner corpuscle of rapidly adapting (RA) mechanoreceptors; (2) the Merkel cells, or slowly adapting type I (SAI) mechanoreceptors; (3) the Ruffini terminal, or slowly adapting type II (SAII) mechanoreceptors and, (4) the Pacinian corpuscles (PC). The number of SAII receptors is very small; hence, they were excluded from the study. Previous research works [5] [6] [7] [8] have considered that it was possible to stimulate the mechanoreceptors separately and that the combination of these stimuli could produce different tactile sensitivity (responses). Figure 1 shows a cross section of human skin. It is assumed that RA and PC can perceive vibration, whereas SAI senses pressure [7] [8] . Sometimes RA and PC (fastly adapting mechanoreceptors) are considered speed and acceleration sensors because they respond to strain with just one impulse, whereas SAI (slowly adapting mechanoreceptor) is called the position, or displacement, sensor because it responds to the intensity and duration of the stimulus. Table 1 [7] shows the main features of mechanoreceptors that are taken into account at the time of stimulation.
As a result of nerve size difference, the electrical stimulus of mechanoreceptor nerves is much easier to do than that of afferent nerves because, in general, the stimulation threshold increases with diameter size [7] .
Another important characteristic of the fingertip is the thickness of the corneous layer of the skin, of approximately 600 µm, whereas in other body skin parts, it may be as thin as 15 µm [7] [8] . 
Mechanism of selective electrical stimulation
Research papers on electrical stimulation mechanisms were reviewed, especially those where distribution control was performed of an electrical current source acting on the skin surface, and the indirect activation of nerves [7] [8] . From these works, it is known that when the pulse of cathode (negative) current is applied to the skin surface, the axons of nerves oriented horizontally to the skin surface are activated. Conversely, when anode (positive) current is applied, the nerves oriented vertically to the skin surface are activated, such as the RA axon.
Development of the proposed prototype
In order to achieve a pressure feeling, a stimulus signal is defined as in Figure 2 , where some restrictions are added in order to avoid possible lesions to the cutaneous tissue. First, the maximum output current of an electrode is limited to 2mA. Besides, even though the stimulation can be either anodic or cathodic, the typical applied current is two-phase (negative and positive) so as to be able to eliminate the accumulation of charges on the skin surface.
Figura 2. Waveform of the current stimulus. Figure 3 shows a simplied block-diagram array of the prototype used in the experiences. The electrocutaneous stimulus is controlled via a PC. A software developed for this work allows setting the parameters linked to the stimulation pulse (pulse frequency and pulse width). The selection of pulse width is made at 10 µs steps, in the 150-300 µs range.
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When choosing the pulse width, it becomes readily available to the user a frequency selection set of three different values (F1, F2, and F3) ranging from 278 to 1111 Hz, as shown in Table 2 . For each frequency value (F1,F2 and F3), a ratio Ap/T is kept constant, where Ap is the active pulse width and T is the period of the signal.
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The microcontroller (MC68HC908QY4) is programmed to receive the chosen parameters and to control the voltage-into-current converter (V-I converter). This last device was built with two current sources, Cascode type, with bipolar transistors adjusted for a maximum output current of 2mA in the negative phase and 0.5mA output in the positive phase of the signal.
The V-I converter is powered by ±120 V dc linear sources, with folded V-I characteristic and maximum output current limited to 2mA. These sources also present an isolation transformer.
The stimulation electrode was manufactured according to the knowledge gained in experiences made by this researchers team in previous projects [9] [10] [11] , while altogether meeting the requirements of small size, simplicity and low cost for the device. This electrode is a 0.1cm dia. steel pin inserted in a polished acrylic pad.
The electrode for stimuli feedback was manufactured with a metal plate attached to a mesh fastening around the finger (Figure 4) . 
Experiences

Methodology
The experiences were oriented to use cathodic stimulation in order to mimic the tactile sensitivity (TS) by means of activating the various mechanoreceptors. To this aim, the following factors were evaluated:
• Sensitivity to perceive the first TS, with current intensity.
• Changes in TS perceived, with increases in current intensity.
• Range of the Ap/T ratio and active pulse width of the electric stimulus that is related to each TS.
A comparative experience was carried out with two groups of adult persons, so as to analyze the sensitivity while perceiving the TS with current intensity. The first group consisted of 10 normalvision persons and the second group had 7 visually impaired persons.
The experience also tested the changes in sensitivity as regards current intensity value. This was specifically experienced for a 200Hz frequency and 200 µs pulse width in a visually impaired person and 3 blind ones.
Upon these experiences, tests were made to discern the variability range of the stimulus parameters (Ap/T ratio and pulse width), with two groups; the first one included four normal-vision adults while the second group had eight visually impaired and blind adults. The main objective of the experience with the first group is to study the stimulation mechanisms so as to reduce the number of parameters to include in the experiences of the second group.
The procedure of the tests consisted in stimulating at first with the least current intensity possible, and increasing it until reaching the first TS by the person. It was recorded only the data where TS was Ground connection (Metal wire mesh) obtained, up to the current threshold acceptable for each individual, without coming into annoying sensation. The TS perceived were: Vibration, Pressure, Pricking, and Tickling.
• Vibration (Vi): sensation of intermittent tact.
• Pressure (P): sensation of permanent tact.
• Pricking (Pr): sensation of acute pressure, resembling that one caused by a pin.
• Tickling (T): sensation of smooth tact or high-frequency vibration. Figure 5 shows the experience results on sensitivity of normal vision persons to the perception of the first TS with current intensity. It is clearly noted an activation threshold of about 1.2mA. It is worth mentioning that in the group of blind and visually impaired persons, two persons presented high impedance in their fingertips due to the kind of daily manual work they do. This fact increases the activation threshold. In Figure7, it can be noted a change in TS perceived when the current intensity threshold is increased, that ranges from a pressure or pricking feeling (detected by the Merkel cells) to a tickling feeling. This can be explained by the fact that when the current intensity is increased, the mechanoreceptors lying deeper, as the Pacini corpuscles, can be activated as well, thus arising a tickling sensation. As regards the identification of the variability range of stimulus parameters, the experience results with the first group (Table 3) isolately from the remaining TSs, with pulse widths of 220 and 230µs, with the three Ap/T ratios. For this reason, to continue the experiences with the blind and visually impaired persons, the following pulse widths were chosen: 200, 250 and 300µs, and the three values of Ap/T ratios. The data of the experience performed with this group are detailed in Table 4 .
Results.
Conclusions.
In the series of experiences performed with blind and visually impaired persons, it was possible to reach the perception of "virtual" TS starting from very low current thresholds (0,2mA), because of the high level of tactile sensitivity of these persons. This threshold, however, depends on the impedance of the fleshy fingertip of the individual under test, in strong relationship with the type of manual work performed by person. It was noted a change in the resembled tactile sensitivity as there was a gradual increase in current intensity, which proved the theoretical base described in references.
The adequate stimulus to have a clear and well-defined pressure sensation is attained with Ap/T ratios of 0.08 and 0.16 and active pulse widths of 200 y 250µs. 
